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(54) Wate r-sol u ble I ilm 

(57) The present invention provides a water-soluble 
film comprising 100 parts by weight of (A) a modified 
polyvinyl alcohol having a sulfonic acid group and 0.05 
to 20 parts by weight of (B) gallic acid or a C^s alkyl 
ester thereof; a package of acid chemical substances, 
chlorine-containing chemical substances or agricultural 
chemicals being packaged with the water-soluble film; 
and a composition comprising 100 parts by weight of 
(A) a modified polyvinyl alcohol having a sulfonic acid 
group and 0.05 to 20 parts by weight of (B) gallic acid or 
a Cvs alkyl ester thereof. 

The water-soluble film of the present invention 
gives an excellent result that the water-solubility is not 
lowered with the passage of time, even when used for 
packaging acid chemical substances, chlorine-contain- 
ing chemical substances or agricultural chemicals. The 
composition of the present invention is favorably used 
not only as a material for producing the water-soluble 
film but also as a material for producing fibers which are 
used for non-woven fabrics, etc. 
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Description 

The present invention relates to a polyvinyl alcohol (hereinafter referred to as PVA) film having excellent properties 
suitable for packaging chemicals such as agricultural chemicals and microbicides. 

5 Recently a method of unit-dose packaging (unit pack) of various chemicals such as agricultural chemicals being air- 
tight-packaged with a water-soluble film has been used widely, where the chemicals in packaged form are thrown into 
water so that the contents are dissolved or dispersed in water. The unit pack is advantageous in that users do not 
directly touch harmful chemicals, that measurement of chemicals for use is unnecessary as the unit-dose is already 
packaged, and that the disposal of the containers and bags used for packaging chemicals is unnecessary or easy. 

10 Partially-hydrolyzed PVA films have heretofore been used as water-soluble films for unit pack. The conventional 
water-soluble films are excellent in cold water-solubility and mechanical strength. However, some kinds of chemicals to 
be packaged therein cause problems that the water-solubility of the films is lowered with the passage of time during 
storage, and finally that they become water-insoluble or hardly soluble in water. 

Chemicals which make partially-hydrolyzed PVA films water-insoluble are, for example, alkaline chemical sub- 

15 stances, acid chemical substances, chlorine-containing chemical substances, chemical compounds with a salt of a 
polyvalent metal such as copper or cobalt, polycartooxylic acid-containing chemical substances, polyamine-containing 
chemical substances, boric acid-containing chemical substances, agricultural chemicals such as insecticides or herbi- 
cides, and microbicides. 

As films for packaging alkaline chemical substances, there have been known films of PVA modified with salts of car- 
20 boxylic acids. It has bean reported that sorbitol-containing PVA films are resistant to boric acid. 

As films for packaging acid chemical substances, chlorine-containing chemical substances (e.g. microbicides) and 
agricultural chemicals, there have been known polyethylene oxide films and cellulose films. However these films are 
defective in that the rate of water-solubility is extremely low, that mechanical properties are poor, and that impact resist- 
ance at low temperatures is extremely low because they are hard and brittle. 
25 As films for packaging agricultural chemicals and microbicides, there have been known water-soluble films that are 
prepared from PVA or carboxylate-modif ied PVA with addition therein of an auxiliary such as polyethylene glycol or pro- 
pyl gallate; JP-A-53-24351 (1978). 

Also there have been known water-soluble films for packaging agricultural chemicals, which are prepared from 
sodium 2-acrylamido-2-methylpropanesulfonate-modified PVA with addition therein of a phenol derivative such as 
30 bisphenol A; see (JP-A-7-1 18407 (1995). However, in the case where chemicals such as acid chemical substances, 
chlorine-containing chemical substances, agricultural chemicals and microbicides are packaged with the conventional 
PVA films and stored for a long period, the PVA films lose their function as water-soluble film because they are dis- 
colored to be brown and become insoluble in cold water and hot water. 

The object of the present invention is to provide a water-soluble film which has excellent mechanical strength, 
35 which has softness and toughness, and moreover which can keep its original water-solubility in the case where chem- 
icals such as agricultural chemicals and microbicides are packaged thereby and stored for a long period. 

Another object of the present invention is to provide a package of acid chemical substances, chlorine-containing 
chemical substances or agricultural chemicals being packaged with the water-soluble film. 

Furthermore the object of the present invention is to provide a composition favorably used as a material for produc- 
40 ing the water-soluble film. 

The above-mentioned problems could surprisingly be solved by providing as a first subject matter of the invention 
a water-soluble film comprising 100 parts by weight of (A) a modified polyvinyl alcohol having a sulfonic acid group and 
0.05 to 20 parts by weight of (B) gallic acid or a C^s alkyl ester thereof. 

A further subject matter of the invention is a package of acid chemical substances, chlorine-containing chemical 
45 substances or agricultural chemicals being packaged with the said water-soluble film. 

Still a further subject matter of the invention is a composition comprising 100 parts by weight of (A) a modified pol- 
yvinyl alcohol having a sulfonic acid group and 0.05 to 20 parts by weight of (B) gallic acid or a C1.5 alkyl ester thereof. 

The present invention is explained in detail hereinafter. 

The modified PVA (A) having a sulfonic acid group used in the present invention is, for example, a hydrolyzate of a 
so copolymer of a vinyl ester and a sulfonic acid group-containing monomer, and a polymer which is prepared by addition 
reaction of a sulfonic acid group-containing compound to PVA (hydrolysate of polyvinyl ester). 

The hydrolyzate of a copolymer of a vinyl ester and a sulfonic acid group-containg monomer is obtained by copol- 
ymerizing, in the presence of a radical initiator, a vinyl ester and a sulfonic acid group-containing monomer in bulk or in 
a solvent such as alcohol, followed by partially or highly hydrolyzing the copolymer with an alkali or acid catalyst. 
55 The vinyl ester is, for example, vinyl acetate, vinyl propionate, vinyl formate, vinyl versatate or vinyl pivalate. 

Of these, vinyl acetate is generally used, as it is produced on an industrial scale and favorable in respect of cost. 

Any sulfonic acid group-containing monomer can be used as far as it has a sulfonic acid group or a salt thereof in 
the molecule and is copolymerizable with a vinyl ester. Examples are 2-acrylamido-2-methylpropanesulfbnic acid, 2- 
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acrylamido-1-methylpropanesulfonic acid, 2-methacrylamido-2-methylpropanesulfonic acid, and alkali metal salts 
thereof; olefin sulfonic acids such as ethylenesulfonic acid, allylsulfonic acid, methallylsulfonic acid, and alkali metal 
salts thereof. Of these, most preferable are 2-acrylamido-2-methylpropanesulfonic acid and alkali metal salt thereof 
because of their copolymerizability with a vinyl ester and the stability during hydrolysis. The alkali metals are, for exam- 

5 pie, Na, K and Li. Furthermore their analogues are, for example, ammonia and amines. The sulfonic acid group in acid 
form can be used in the present invention, but it is preferable that the group is partially or completely neutralized with 
an alkali metal in order to prevent the vinyl ester from being hydrolyzed during copolymerization. 

The copolymer of the vinyl ester and the sulfonic acid group-containing monomer is then hydrolyzed with an alkali 
or acid catalyst in an alcohol solution to give the modified PVA having a sulfonic acid group used in the present inven- 

10 tion. 

The polymer which is prepared by addition reaction of a sulfonic acid group-containing compound to PVA (hydro- 
lysate of polyvinyl ester) is a polymer into which is introduced a sulfonic acid group-containing compound into PVA 
through acetalization or Michael addition reaction. 

The sulfonic acid group-containing compound to be used in the acetalization is an aldehyde compound having a 
is sulfonic acid group such as a salt of butylaldehydosulfonic acid and a salt of benzaldehydosulfonic acid. 

The sulfonic acid group-containing compound to be used in the Michael addition reaction is an unsaturated sulfonic 
acid group-containing compound such as 2-acrylamido-2-methylpropanesulfonic acid, allylsulfonic acid, and alkali 
metal salts thereof. 

Other than the above methods, there can be also used a method of adding a sulfonic acid group-containing alcohol 
20 compound to PVA through an esterification reaction, and a method of introducing a sulfonic acid group-containing hal- 
ide compound into PVA through a condensation reaction. 

The content of sulfonic acid group unit in the modified PVA (A) is preferably 0.1 to 20 mol% ( more preferably 0.5 to 
10 mol%, most preferably 1 to 5 mol%. The mechanical properties as water-soluble film are also important, and 
strength and flexibility of the film is necessary even in the case of a thin thickness of 10 to 100 *im. Therefore, the vis- 
25 cosity-averaged degree of polymerization (hereinafter referred to as degree of polymerization) of the modified PVA (A) 
is preferably 300 to 10000, more preferably 500 to 8000. In the case where the degree of polymerization is less than 
300, the film strength is becoming smaller. In the case where the degree of polymerization is more than 10000, the vis- 
cosity of the solution during preparation of the film is so high that the workability is lowered. 

Since the film has to be water-soluble and resistant to chemicals, the degree of hydrolysis of the modified PVA (A) 
30 is 50 to 1 00 mol%, preferably 80 to 1 00 mol%, also in view of the strength and toughness of the film and the workability 
thereof into bags. 

The gallic acid or a C,. 5 alkyl ester thereof (B) used in the present invention is a compound which has a function to 
prevent the water-soluble film from becoming water-insoluble. Examples are gallic acid, its salts, and its esters such as 
methyl, ethyl, propyl and isoamyl esters. Of these, most preferable are gallic acid and propyl gallate (propyl ester of gal- 

35 lie acid). The amount of the component (B) is 0.05 to 20 parts by weight, preferably 0.2 to 1 0 parts by weight, more pref- 
erably 0.5 to 3 parts by weight, based on 100 parts by weight of the component (A). In the case where the amount of 
the component (B) is less than 0.05 parts by weight, the water-solubility of the film is lowered and the film becomes 
water-insoluble when chemicals are packaged with the film and stored. On the other hand, in the case where the 
amount of the component (B) is more than 20 parts by weight, the film strength is much lowered and, in addition, white 

40 powder migrates on the surface of the film. 

In addition to the component (A) and the component (B), loading the water-soluble film of the present invention with 
a reducing hydroxycarboxylic acid (C) can improve the stability during storage and furthermore prevent discoloration 
due to polyvalent metal ions such as iron ions. 

The reducing hydroxycarboxylic acid (C) is, for example, citric acid, tartaric acid, L-ascorbic acid, malic acid, 

45 racemic acid, and salts thereof. Of these, preferable are citric acid, tartaric acid and L-ascorbic acid, and particularly 
preferable is citric acid. The amount of the component (C) is preferably 0.01 to 1 0 parts by weight, more preferably 0.05 
to 5 parts by weight, most preferably 0.1 to 3 parts by weight, based on 100 parts by weight of PVA (A). 

Since the water-soluble film of the present invention is transported, stored and used even in high-temperature and 
high-humidity districts and cold-temperature districts, strength and toughness of the film are necessary. In particular, 

so the film should have good impact resistance at low temperature, and therefore various plasticizers can be added for the 
purpose of lowering the glass transition temperature of the film. As plasticizers, any plasticizer usable for PVA can be 
used. Examples are polyalcohol such as glycerin, diglycerin and diethylene glycol; polyether such as polyethylene gly- 
col and polypropylene glycol; phenol derivative such as bisphenol A, and bisphenol S; amide compounds such as N- 
methylpyrrolidone ; adducts of polyalcohols such as glycerin, pentaerythritol and sorbitol with ethylene oxide; and water. 

55 These plasticizers can be used alone or combined. 

Methods of producing the film are, for example, a method of adding the component (B) and optionally the compo- 
nent (C) to an agueous solution of the modified PVA (A), dissolving or dispersing them, and thereafter casting them to 
form a film; or a method of melt-extruding them in the presence of a suitable plasticizer or water to form a film. If desired, 
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ordinary additives such as a colorant, fragrance, vehicle, defoaming agent, mold-releasing agent, ultraviolet absorbent, 
inorganic powder, surfactant, preservative and antifungal agent may be added. Further if desired, water-soluble poly- 
mers such as PVA other than the component (A), starch, carboxymethyl cellulose, methyl cellulose or hydroxymethyl 
cellulose may also be added thereto within the range not impairing the characteristics of the present invention. 

5 As the chemicals to be packaged with the water-soluble film of the present invention, preferable are acid chemical 
substances, chlorine-containing chemical substances, agricultural chemicals and microbicides Other chemicals such 
as detergents, dyes, or chemical substances for plantation and cultivation can be packaged. 

The acid chemical substances are those which exhibit an acid reaction when dissolved or dispersed in water. 
Examples are agricultural chemicals, microbicides and deodorizers. 

10 The chlorine-containing chemical substances are those which contain chlorine in the molecule. Examples are agri- 
cultural chemicals, microbicides and bleaches. As specific examples, there are isocyanuric acid trichloride, isocyanuric 
acid dichloride, sodium salt of isocyanuric acid dichloride. N.N-dichlorohydantoin and N-chloro-N-bromo-5,5<limethyl- 
hydantoin. 

As the agricultural chemicals, examples are chloropicrin, 1 ,3-dichloropropene and dichloroisopropyl ether. 
75 The chemicals may be in any form of granule, tablet, powder or even liquid. They may contain carriers such as talc, 
kaolin, bentonite and diatomaceous earth; extenders; surfactants and dispersants for improving the affinity of the chem- 
icals for water and for uniformly dispersing the chemicals in water. 

The water-soluble film of the present invention gives an excellent result so that the water-solubility is not lowered 
with the passage of time, even when used for packaging acid chemical substances, chlorine-containing chemical sub- 
20 stances or agricultural chemicals. 

The present invention also provides a composition comprising 100 parts by weight of the component (A) and 0.05 
to 20 parts by weight of the component (B). It further provides a composition comprising 1 00 parts by weight of the com- 
ponent (A), 0.05 to 20 parts by weight of the component (B), and 0.01 to 10 parts by weight of the component (C). 
These compositions are favorably used not only as a material for producing the above-mentioned water-soluble film, but 
25 also as a material for producing fibers which are used e.g. for non-woven fabrics. 

Examples 

The present invention is described in more detail hereinafter with the Examples. However, the present invention is 
30 not restricted to these Examples. Unless otherwise specifically indicated, and "part(s)" in Examples are on weight- 
basis. 

Example 1 : 

35 A methanol solution of sodium hydroxide was added to a methanol solution of a copolymer which had been pre- 
pared by copolymerizing, in methanol, vinyl acetate and sodium acrylamido-2-methylpropanesulfonate, thereby hydro- 
lyzing the copolymer to give a modified PVA having a sulfonic acid group. The modified PVA thus obtained had a degree 
of polymerization of 1 700, a degree of hydrolysis of 88 mol%, and a sulfonic acid group content of 2 mol%. 

To 100 parts of the modified PVA, there were added 1 part of propyl gailate, 0.2 parts of citric add, and 20 parts of 

40 glycerin as plasticizer to prepare a uniform aqueous solution. The solution was cast onto a hot roll at 70°C to obtain a 
modified PVA film having a thickness of 40 urn. 

This modified PVA film was formed into bags (10 cm x 15 cm). 35 g of tablets of a microbicide for swimming pools, 
which contained trichloroisocyanuric acid as main component, was put into each bag, and hot-sealed. Thus were 
obtained packages (single-wrapped packages) having the chemicals therein. The outside of the above-obtained pack- 

45 ages was furthermore wrapped with a film which was obtained by laminating the surface of aluminium with polyethylene 
(hereinafter referred to as aluminium-laminated film), and hot-sealed to give double-wrapped packages. 

The double-wrapped packages having the chemical therein were subjected to an accelerated test (shelf test) for 
long-term storage stability, in which the packages were left in a thermostatic chamber at 40°C for 3 months. After the 
storage, there were evaluated the change in the water-solubility of the PVA film, the degree of discoloration of the PVA 

so film, and the smell from single-wrapped packages after the aluminium-laminated film had been removed from the dou- 
ble-wrapped packages. The methods of each test are shown below. The evaluation results are shown in Table 1 . 
Method of Measuring Water-solubility of PVA Film: 

The PVA film was cut into squares (40 mm x 40 mm). Each piece was framed, and dipped in water being stirred at 
20°C or 1 0°C. thereby the time (seconds) was measured until the PVA film completely dissolved. In the case where the 

55 PVA film did not dissolve within 30 minutes, it was determined to be water-insoluble. 
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Discoloration of PVA Film: 

The evaluated results were described as the following symbols: 

O • Not discolored, which means colorless. 
a: Slightly yellowed. 
X: Browned. 

Smell from Single-wrapped Package: 

There were sensually evaluated the smell from single-wrapped packages after the aluminium-laminated film had 
been removed from the double-wrapped packages. The evaluated results were described as the following symbols: 

Q: No smell. 

a: A little smell. 

X: Very strong smell. 

Example 2: 

In the same manner as in Example 1 , vinyl acetate and sodium acrylamido-2-methylpropanesulfonate were copo- 
lymerized and hydrolyzed to obtain a modified PVA having a sulfonic acid group. The modified PVA had a degree of 
polymerization of 1250, a degree of hydrolysis of 97 mol%, and a sulfonic acid group content of 4 mol%. 

There was formed a modified PVA film having a thickness of 40 jim in the same manner as in Example 1 , except 
that 1 part of propyl gallate, 0.5 parts of citric acid, and 10 parts of glycerin and 15 parts of diglycerin as plasticizers 
were added to 1 00 parts of the modified PVA. 

In the same manner as in Example 1. except that 35 g of tablets of a microbicidal detergent for toilets (sodium 
dichloroisocyanurate containing a surfactant) was packaged with the modified PVA film prepared herein, double- 
wrapped packages were prepared and evaluated. The evaluated results are shown in Table 1 . 

Example 3: 

In the same manner as in Example 1, vinyl acetate and sodium acrylamido-2-methylpropanesulfonate were copo- 
lymerized and hydrolyzed to obtain a modified PVA having a sulfonic acid group. The modified PVA had a degree of 
polymerization of 1250, a degree of hydrolysis of 98 mol%, and a sulfonic acid group content of 4 moi%. 

There was formed a modified PVA film having a thickness of 40 urn in the same manner as in Example 1, except 
that 0.8 parts of ethyl gallate, 0.3 parts of L-ascorbic acid, and 15 parts of glycerin and 10 parts of polyethylene glycol 
#300 as plasticizers were added to 100 parts of the modified PVA. 

In the same manner as in Example 1, except that a microbicide containing bromo,chloro-5,5-dimethylhydantoin 
was packaged with the modified PVA film prepared herein, double-wrapped packages were prepared and evaluated. 
The evaluated results are shown in Table 1. 

Example 4: 

There was formed a modified PVA film having a thickness of 40 urn in the same manner as in Example 3, except 
that L-ascorbic acid was not added. 

In the same manner as in Example 3, except that a microbicide containing bromo,chloro-5,5-dimethylhydantoin 
was packaged with the modified PVA film prepared herein, double-wrapped packages were prepared and evaluated. 
The evaluated results are shown in Table 1. 

Example 5: 

To an aqueous solution of PVA having a degree of polymerization of 1 700 and a degree of hydrolysis of 99.6 mol% 
(this solution was adjusted to acid with hydrochloric acid), there was added 5 mol% (based on the amount of vinyl alco- 
hol units in the PVA) of sulfonic acid benzaldehyde, whereby sulfonic acid benzaldehyde was added to the PVA through 
acetalization reaction. Thus was obtained a modified PVA having a sulfonic acid group. 

There was formed a modified PVA film having a thickness of 40 ^m in the same manner as in Example 1 , except 
that 2.5 parts of gallic acid, 1 part of tartaric acid, and 1 0 parts of glycerin and 1 5 parts of diglycerin as plasticizers were 
added to 100 parts of the modified PVA. 
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In the same manner as in Example 1 , except that a microbicide for swimming pools was packaged with the modified 
PVAfilm prepared herein, double-wrapped packages were prepared and evaluated. The evaluated results are shown 
in Table 1. 

5 Comparative Example 1 : 

A modified PVA film having a thickness of 40 urn was prepared in the same manner as in Example 1 , except that 
propyl gallate and citric acid were not added. 

In the same manner as in Example 1 , except that a microbicide for swimming pools was packaged with the modified 
w PVAfilm prepared herein, double-wrapped packages were prepared and evaluated. The evaluated results are shown 
in Table 1. 

Comparative Example 2: 

15 A modified PVA film having a thickness of 40 pm was prepared in the same manner as in Example 2, except that 
propyl gallate was not added. 

In the same manner as in Example 2, except that a microbicidal detergent for toilets was packaged with the modi- 
fied PVA film prepared herein, double-wrapped packages were prepared and evaluated. The evaluated results are 
shown in Table 1. 

20 

Comparative Example 3: 

A non-modified PVA film having a thickness of 40 urn was prepared in the same manner as in Example 1 . except 
that a non-modified PVA having a degree of polymerization of 1700 and a degree of hydrolysis of 88 mol% was used in 
25 stead of the modified PVA having a sulfonic acid group. 

In the same manner as in Example 1 , except that a microbicide for swimming pools was packaged with the non- 
modified PVA film prepared herein, double-wrapped packages were prepared and evaluated. The evaluated results are 
shown in Table 1. 

30 Comparative Example 4: 

A modified PVA film having a thickness of 40 urn was prepared in the same manner as in Example 1 , except that 7 
parts of bisphenol A was added in stead of propyl gallate. 

In the same manner as in Example 1 , except that a microbicide for swimming pools was packaged with the modified 
35 PVA film prepared herein, double-wrapped packages were prepared and evaluated. The evaluated results are shown 
in Table 1. 
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Before Shelf Test 


After Shelf Test at 40°C for 3 Months 




Water-solubility of PVA 
Film 1 > 


Water-solubility of PVA Film 1 ) 


Discoloration 
of PVA Film 2 ) 


Smell from 
Single- 
Wrapped 
Packages 3 ) 
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10°C 


20°C 


10°C 
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Example 5 
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35 
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46 
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Table 1 (continued) 





Before Shelf Test 


After Shelf Test at 40°C for 3 Months 




Water-solubility of PVA 
Film 1 ) 


Water-solubility of PVA Film 1 ) 


Discoloration 
of PVA Film 2 ) 


Smell from 
Single- 
Wrapped 
Packages 3 ) 




20°C 


10°C 


20°C 


10°C 






Comparative 
Example 2 


18 


36 


water-insoluble 


water-insoluble 


X 


A 


Comparative 
Example 3 


30 


68 


water-insoluble 


water-insoluble 


X 


X 


Comparative 
Example 4 


20 


31 


water-insoluble 


water-insoluble 


X 


X 



The notes for Table 1 are described as follows. 



20 1) Water-solubility of PVA Film: Time (seconds) was measured until the PVA film completely dissolved. 

2) Discoloration of PVA Film: 

O : Not discolored, which means colorless. 
a: Slightly yellowed. 
25 X: Browned. 

3) Smell from single-Package: 

O- No smell. 
30 a: A little smell. 

X: t Very strong smell. 

Claims 

35 1 . A water-soluble film comprising 100 parts by weight of (A) a modified polyvinyl alcohol having a sulfonic acid group 
and 0.05 to 20 parts by weight of (B) gallic acid or a C^s alkyl ester thereof. 

2. A water-soluble film comprising 100 parts by weight of (A) a modified polyvinyl alcohol having a sulfonic acid group, 
0.05 to 20 parts by weight of (B) gallic acid or a C^s alkyl ester thereof and 0.01 to 10 parts by weight of (C) a 

40 reducing hydroxycarboxylic acid. 

3. A package of acid chemical substances, chlorine-containing chemical substances or agricultural chemicals being 
packaged with a water-soluble film described in claim 1 or 2. 

45 4. A composition comprising 100 parts by weight of (A) a modified polyvinyl alcohol having a sulfonic acid group and 
0.05 to 20 parts by weight of (B) gallic acid or a C^s alkyl ester thereof. 

5. A composition comprising 1 00 parts by weight of (A) a modified polyvinyl alcohol having a sulfonic acid group, 0.05 
to 20 parts by weight of (B) gallic acid or a C^s alkyl ester thereof and 0.01 to 10 parts by weight of (C) a reducing 
so hydroxycarboxylic acid. 



55 
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